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Graphical abstract Abstract

Food demand is expected to surge due to the increase of world population.
Malaysia is one of the top fish consumption countries in Asia, but the
reduction of capture fishery has led to the increase for aquaculture for tilapia
to overcome the demand. Thus, the objective of this study was to compare
the growth performance of red tilapia at different stocking densities of zeolite
supplemented closed system. Red tilapia fry was stocked into aquarium. Five
treatments (containing zeolite and without zeolite) with two replicates were
used. Food was given twice a day with 2% of total biomass of the fish. Weight
and length of red tilapia were measured every two weeks. The zeolite
treatments which recorded the highest final mean weight was T1 with the
lowest stocking density (5 fish) while in T5 (highest stocking density), lowest
mean weight was recorded. Specific growth rate and length gain in T1 was
significantly higher than other treatments. On the other hand, there was no
significant difference in growth parameters between the treatments with and
without zeolite. The results revealed that red tilapia stocked in the T1 of the
lowest stocking density (5 fish) had the highest growth performance than the
fish in other treatments. Compared to other treatments, T1 recorded the
highest final length and weight, weight and length gain, Specific Growth
Rate % (SGR) among the treatments. The findings will be useful for the
practitioners to understand the best practice for stocking density in zeolite
supplemented closed system.

Keywords: Closed-system, Red tilapia, Stocking density, Zeolite, growth
performance

Abstrak

Permintaan makanan dijangkakan melonjak disebabkan oleh kenaikan
populasi dunia. Malaysia merupakan salah satu negara yang tertinggi di Asia
yang mengambil ikan sebagai makanan. Walaubagaimanapun,
pengurangan penangkapan ikan melalui perikanan menyebabkan
peningkatan akuakultur tilapia untuk mengatasi permintaan. Oleh itu, objektif
kajian ini adalah untuk membezakan prestasi pertumbuhan ikan tilapia
merah pada ketumpatan stok yang berbeza dalam sistem tertutup dengan
tambahan zeolite. Anak ikan tilapia merah dimasukkan ke dalam akuarium. 5
rawatan (mengandungi zeolite dan tidak mengandungi zeolite) dengan dua
replikat telah digunakan. Makanan diberikan dua kali sehari dengan 2% dari
jumlah biojisim ikan. Berat dan panjang ikan tilapia merah diukur setiap dua
minggu. Selepas 9 minggu, rawatan zeolit yang mencatatkan bacaan
tertinggi berat akhir adalah T1 (ketumpatan stok yang terendah) manakala
T5 (ketumpatan stok tertinggi), mencatatkan berat min terendah..Kadar
pertumbuhan spesifik dan kenaikan panjang dalam T1 adalah tertinggi
secara signifikan berbanding rawatan yang lain. Manakala, tiada perbezaan
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signifikan dalam parameter pertumbuhan antara rawatan yang mempunyai
zeolit dan tanpa zeolit. Keputusan menunjukkan bahawa tilapia merah
dengan stok T1 iaitu stok yang mempunyai ketumpatan stok terendah (5 ikan)
mempunyai pertumbuhan tertinggi berbanding rawatan lain. T1
mencatatkan berat dan panjang tertinggi, kenaikan berat dan panjang, SGR
berbanding rawatan lain. Penemuan ini berguna bagi pengamal untuk
memahami amalan terbaik bagi ketumpatan stok dalam sistem tertutup
yang disokong oleh bahan zeolite.

Kata kunci: Sistem tertutup, tilapia merah, ketumpatan stok, zeolit, prestasi
pertumbuhan.

© 2021 Penerbit UTM Press. All rights reserved

1.0 INTRODUCTION

According to United Nations Department of
Economic and Social Affairs, the food demand is
expected to increase by 70% by 2050 due to
population growth. Most of the population will exist in
developing countries where living standards are
rapidly rising, and food needs such as meat and
dairy products will increase to meet basic dietary
needs. The current production of 1.3 billion tons of
food is not enough to meet people's needs in 2050.
Asia is the developing country with two-thirds of the
hungriest nation. Developing countries are the
nations with the highest fish consumption. Food and
Agriculture Organization (FAO) showed that Malaysia
is one of the top fish consumption countries in Asia
which is double the average in China and Thailand.
The tilapia is the world second important farmed fish
species in the world after carps and they are typically
farmed in tropical, subtropical and temperate
regions. They are primarily cultured in the freshwater
farmed, rice fields and in tanks (glass, concrete or
plastic). The large-scale farming of red tilapia in
Malaysia is due to its favorable characteristics; high
growth rate, tolerates a wide range of temperatures
and dissolved oxygen, has a high resistance to
diseases, and is highly acceptable in the market [1].
In 2018, the production of red tilapia and black
tilapia in Malaysia contributes to highest of total
freshwater aquaculture production at 30.7% [2].
However, this figure clearly shows that the high
potential of red tilapia farming has not yet been fully
utilized and shows some challenges that need to be
addressed. The three most important Tilapia species
in aquaculture industry are Oreochromis niloticus,
Oreochromis mossambicus, and Oreochromis aureus
[3]. Tilapia is suitable for blackish water and seawater
culture due to its salt tolerance characteristics. The
tilapia species cultivated mainly by fisherman in
Malaysia is red tilapia because the red tilapia has a
higher price than Nile tilapia in the market. The high
price and demand of red tilapia is because its red
coloration is favored by people, especially the
Chinese [2]. In Malaysia, cages culture of red tilapia
in freshwater dams, former mining pools, rivers,
irrigation canals and reservoirs using the semi-
intensive and intensive method are practiced [4-5].

Advantages of cages culture system are it requires
low capital investment and has high flexibility of
management compared to ponds and tanks. On the
contrary, tank culture requires high capital
investment because of high construction and
production costs (complete commercial diet,
aeration, recycling system). Tank culture of tilapia
also poses a higher risk of major fish mortality due to
disease outbreaks and electrical failures [6]. Stocking
density is an important factor in ensuring optimal fish
productivity because it is directly related to
physiological, physical and chemical parameters
such as growth rate, water quality, physiological
ability, nutrient and culture system type, and
biochemical stage [7-8]. Recently, the effect of
stocking density was studied in new technology
involving aquaponic system integrated with plant
and extensive pond systems [9]. Thus, the main
objective of this study is to determine the effect of
stocking density (5, 10, 15, 20, and 25 fry/aquarium),
on water quality and growth parameters of fresh
water aquarium fish, red tilapia, Oreochromis niloticus,
at different stocking density supplemented with
zeolite. Zeolites are microporous crystalline hydrated
aluminosilicates, which are found in various
applications because of their unique
physicochemical characteristics such as ion
exchange and adsorption-desorption properties [10].
It has been known for its efficiency in removing
toxicity from freshwater systems [11-14]. Natural and
synthetic zeolite was used previously in different fish
species pond and hatchery [15-24]. This study also
aimed to compare the growth performance of fish in
treatments with and without zeolite. This study has
been carried out in Universiti Malaysia Kelantan,
Malaysia in 2019.

2.0 METHODOLOGY

225 fry of red tilapia were distributed to 15 aquariums
containing 30 liters of tap water and acclimatized for
two weeks. After the acclimation period, 5 fry of red
tilapia were placed in an aquarium containing 30
liters of tap water (Figure 1). Tap water is a municipal
water supply containing chlorinated water. In order
to make the water harmless to the fish, 0.5 grams of
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anti-chlorine crystals are added to each aquarium to
remove chlorine or chloramine from the tap water.
450 grams of zeolite granule were then placed in a
non-woven fabric drain filter and suspended in the
water column. Clinoptilolite is used as adsorbent for
pollutants in the aquariums. Thereafter, the aquarium
is supported by an aerator diffuser to circulate water.
The circulation helps to keep the water in the
aquarium well oxygenated by moving water from the
bottom to the surface to pick up oxygen and release

carbon dioxide. Another four treatments with fish
densities of T2= 10, T3= 15, T4= 20 and T5= 25 were
prepared using the same method. All treatments
were duplicated to reduce errors during the
measurement. Next, a control treatment for each
stocking density without zeolite was prepared. Fishes
was fed a commercial feed containing 35% crude
protein twice daily for 9 weeks.

Figure 1 Aquarium set-up containing red tilapia and supplemented with zeolite

2.1 Fish Feeding and Culture

The fishes were fed with 2% of their body weight
twice (at 9am and 5pm) a day at 8 hour interval for
63 days. The amount of feed was adjusted according
to average weight of the fish in each aquarium. The
remaining feed and feces in each aquarium are
cleaned once a week. The water in each aquarium
is replaced with pre-treated pipe water every week.
On the other hand, daily inspections are also carried
out to remove dead fish.

2.2 Fish Sampling

The fish in each aquarium was randomly selected,
weighed and released back to the aquarium every
two weeks. During the sampling process, 15% of the
stocked fish from each aquarium was scooped out
with a scoop net. After drying with a towel, their
weight and length is measured. In the eighth week,
the weight and length of all fish in the aquarium were
measured. The number of fish was also calculated at
the end of the experiment.

2.3 Data Collection and Analysis

The weight and length of the fish in each aquarium
were measured every two weeks using electronic
scale and vernier calipers. The measurement of
weight was used to determine to evaluate the
growth performance of red tilapia by calculating the
SGR (%), WG (%), length gain (LG) and ADWG of fish

in each aquarium (Eqs. 1-4). Survival rate (%) was also
calculated by determining the number of fish in each
aquarium at the end of the experiment (Eq. 5).

Specific Growth Rate, SGR (%)
= (1)

Weight Gain, WG (%)
= (2)

Length Gain, LG (mm)
= (3)

Average daily weight gain, ADWG
= (4)

Survival Rate, SR (%)
= (Final number of fish/ Initial number of fish) x 100 (5)

Where Wt and W0 are final and initial weight (g),
and t is time in days from stocking to harvesting.

2.4 Statistical Analysis

All data collected were subjected to statistical
analysis and analysed by using SPSS version 20
program. Two-way analysis of variance (MANOVA)
was used to evaluate the effects of stocking densities
on water quality and the growth performance of red
tilapia in zeolite supplemented closed system at the
five stocking densities. In addition, MANOVA was
used to analyze the effect of zeolite on water quality
and growth performance of fish between treatments

Zeolite

5 fry of red tilapia
30 cm

40 cm

Aerator
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with and without zeolite. Then, a post hoc test using
Tukey’s multiple range tests, with p < 5% significance
levels were used to evaluate the differences among
treatment means.

3.0 RESULTS AND DISCUSSION

3.1 Effect of stocking density on growth performance
of red tilapia in zeolite-containing treatments

The growth performance of red tilapia in different
treatments in terms of initial number and final mean
number (n), mean weight, mean length, weight gain
(WG), length gain (LG), average daily weight gain
(ADWG), specific growth rate (SGR), and survival rate
(SR) were calculated and are presented in Table 1.
The effect of stocking density on growth
performance of red tilapia was investigated in the
experiment.

3.2 Length and Weight

At the beginning of the experiment, there was no

significant difference (p >0.05) in initial weight and
length of red tilapia under different treatments.

Significant difference (p<0.05) were observed among
five treatments in final mean length and weight when
compared using MANOVA. The results showed that
with the increase of stocking density, the final mean
length and weight showed a downward trend. It was
found that fry stocked in T1 exhibited the highest
mean final length and weight (106.33 and 40.27)
while fry stocked in T5 recorded the lowest (87.83 and
17.26). The final mean weight and length observed at
high stocking density were low; this may be due to
insufficient acquisition of feed, low availability of
oxygen and increased competition for food and the
space for fish movement. These results are in
agreement with the findings obtained by
Chakarborty and Banerjee, who revealed that the
increased fish biomass of Nile tilapia in cages had a
significant negative effect on the final mean weight
[25]. Ferdous et al., reported that Monosex tilapia in
hapa at a low density had a better growth than at a
higher density [26]. The lower growth performance of
tilapia at higher stocking density may be caused by
voluntary appetite suppression, more energy is
expended on intense antagonistic behavioral
interaction between fish, increased competition for
food and living space, and increased stress due to
reduction in space availability [26].

Table 1 Growth parameters (mean ± SD) of red tilapia in the zeolite treatments at different stocking densities

Growth Parameters T1 T2 T3 T4 T5

Initial number (n) 5 10 15 20 25

Final mean number (n) 3.5±2.12 8.5±2.12 14.5±0.71 19±1.41 23±1.41

Mean initial weight (g) 12.90±0.01 12.90±0.01 12.90±0.01 12.90±0.01 12.90±0.01

Mean final weight (g) 40.27±15.84b 23.17±0.7ab 21.47±0.00ab 19.63±2.18ab 17.26±0.15a

Weight gain, WG (%) 212.17±122.78a 79.65±5.43a 66.43±0.00a 52.17±16.88a 33.76±1.15a

Length gain (mm) 24.38±2.46b 15.38±5.44ab 11.18±0.33ab 8.71±4.63a 5.88±2.01a

Average daily weight
gain, ADWG (g) 0.4345±0.2541a 0.1631±0.0112a 0.1360±0.0000a 0.1069±0.0346a 0.0692±0.0023a

Specific growth rate, SGR
(% per day) 1.74±0.64b 0.93±0.05ab 0.81±0.00ab 0.66±0.17ab 0.46±0.01a

Survival rate, SR (%) 70±42.43a 85±21.21a 96.67±4.72a 95±7.07a 96±5.66a

3.3 Specific Growth Rate

In the current study, there was a significant
difference (p<0.05) in specific growth rate (SGR)
between the five treatments. As can be seen from
Table 1, the mean specific growth rate of red tilapia
in different treatments was between 0.46 and 1.74.

The significantly (p<0.05) highest SGR values (1.74)
was recorded in T1 while the lowest (0.46) was
recorded in T5. The low growth rate in T5 may be due
to increased crowding effect of fish, making it difficult
for the fish to move to reach the food, thus reducing
the feeding rate. It can be seen that it is more
difficult to ensure uniform distribution of food at high
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stocking densities. These results are consistent with
the results obtained by Dambo and Rana [27], who
reported that SGR was significantly affected by
stocking density.

3.4 Weight Gain and Length Gain

The final mean weight gain of red tilapia in different
treatments ranged between 33.76 and 212.17. The
weight gain of fish was statistically similar (p>0.05) at
different stocking densities (Table 2). The highest and
lowest final weight gain of red tilapia was recorded in
T1 (212.17) and T5 (33.76) respectively. The final
length gain of individual fish in different treatments
ranged between 5.88 and 24.38. There was a
significant difference (p<0.05) at different stocking
density (Table 2). The length gain of red tilapia in T1
(24.38±2.46) was significantly highest and in T5
(5.88±2.01). The low growth at high stocking densities
may be due to social interaction through
competition for food and living space; this may lead
to increase stress, resulting in increased energy
demand and decreased in weight gain. Similar
observations were made by Ofor and Afia who found
that the weight gain of hybrid catfish was not
affected by stocking density [28]. The weight gain
and length gain in T1 higher than all others, it can be
assumed that there is metabolic savings and low
energy consumption at this density. These findings
were similar to those reported by Rahman, who
revealed that the Monosex male tilapia stocked at
the lowest densities achieved optimal weight gain
[29].

Table 2 Overall comparison of specific growth rate (SGR),
weight gain (WG), survival rate (SR), and length gain (LG)
between different treatments with zeolite. Mean difference
is significant at the 0.05 level. Mean were tested by ANOVA
and ranked by Tukey’s multiple range tests

Source

Depend
ent
Variabl
e

Type III
Sum of
Squares

df Mean
Square F Sig.

Partial
Eta
Square
d

Treatment

SGR 1.939 4 .485 5.418 .046 .813

WG 40350.89
7 4 10087.72

4 3.277 .113 .724

SR 945.452 4 236.363 .502 .738 .287

LG 415.135 4 103.784 8.467 .019 .871

3.5 Survival Rate

In this study, there was no significance (p>0.05)
different in survival rate between treatments (Table 2).
Tukey’s test showed that there was no significant
different in survival rate between T1 and the rest of
the treatment. The results showed that survival rate
for all the treatments were above 70%. Fish reared in
T3 recorded the highest percent survival of 96.67%
while the fish population reared in T1 showed the
lowest percent survival of 70%. It can be seen that
survival rate did not show a significant decline as
stocking density increased. This may be because the
stocking density is not as high as that commonly used
in aquaculture. The stocking densities have not
reached the threshold at which food availability and
competition among individuals impacted growth
rate. These results are in agreement with Rahman
who reported that the mortality of Nile tilapia in
cages was not dependent on stocking density [29].
The results of current study showed that, survival rates
increase with high stocking density. Similar results
were obtained by Ouattara et al., who showed 98%,
96% and 100% survival rates (50 fish/m3, 100 fish/m3

and 150 fish/m3)[30]. The lower survival rate in T1
could be attributed to the inhibition of proper
feeding of smaller fish due to the presence of larger
fish. Consequently, the high survival rate of red tilapia
at high stocking density in this study showed the
ability of to survive in poor conditions (including high
density) and the amenability of this fish to the
intensive culture system.

In general, the growth performance of red
tilapia in zeolite systems decreased as the stocking
density of fish increased. Based on the growth
performance parameters recorded in this study, it
was found that red tilapia stocked in the T1 of the
lowest stocking density (5 fish) had the highest
growth performance than the fish in other treatments.
Compared to other treatments, T1 recorded the
highest final length and weight, weight and length
gain, SGR among the treatments. As conclusion, T1
with the lowest fish density is the most suitable
stocking density for the red tilapia.

3.5 Effect of Zeolite on Growth Performance of red
Tilapia

The growth performance of red tilapia in the control
treatments was calculated and recorded in Table 3.
The growth performance of red tilapia in control
treatments was compared with that of the zeolite.
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Table 3 Growth parameters (mean ± SD ) of red tilapia in the control treatments under different stocking densities without zeolite

Growth parameters T1 T2 T3 T4 T5
Initial number (n) 5 10 15 20 25
Final mean number (n) 5 5 12 7 17
Mean initial weight (g) 12.90 12.90 12.90 12.90 12.90
Mean final weight (g) 27.64 25.99 19.16 22.48 18.85
Weight gain, WG (%) 114.26 101.47 48.53 74.26 46.12
Length gain (mm) 23.34 20.87 10.59 12.35 9.4
Average daily weight gain, ADWG
(g) 0.2340 0.2078 0.0994 0.1520 0.0944

Specific growth rate, SGR (% per day) 1.12 1.11 0.63 0.88 0.6
Survival rate, SR (%) 100 50 80 35 68

The initial mean length and mean weight of fish
stocked in control and zeolite groups was same. The
difference between the fish in control and zeolite
was not considered as significance in terms of growth
performance (p>0.05) when tested with MANOVA.
This indicated that usage of zeolite did not influence
the growth performance of red tilapia. Similar findings
were found by Onder et al. who found no significant
difference (p>0.05) in growth performance between
Tilapia zillii fed diets containing and without zeolite
[31]. From the results, it was found that T1 with zeolite
recorded the highest values in mean final weight and
length, weight gain, length gain, and growth rate
among the treatments. However, the mean values of
these growth parameters recorded by T4 and T5 with
zeolite were lower than the control. This may be due
to the fact that the survival rate of the T4 and T5 with
zeolite is much higher than the control. Therefore, the
number of fish per unit area in the zeolite treatment
was greater than that of the control. Aksungur, and
Kutlu reported that high stocking densities leads to
increased stress, resulting increased in energy
demand and causing a reduction in growth rates
and feed utilization [32]. According to Figure 2, all
treatments with zeolite except T1 had higher survival
rate than control. The low survival rate in T1 with
zeolite may be due to the inhibition of proper
feeding of smaller fish due to the presence of larger
fish. During the experiment, it was found that one fish
was much larger than the rest of the fish in the
aquarium. In general, usage of zeolite did not
influence the growth of red tilapia. Based on the
growth performance parameters recorded in this
study, it was found that red tilapia stocked in
treatments with zeolite had the highest growth
performance than the stocked in control treatments.

4.0 CONCLUSION

This research is vital to investigate the effect of
stocking density on the growth performance of fish in
zeolite supplemented closed system. The growth
performance of red tilapia at different stocking
densities in zeolite supplemented closed system was

also determined. The results showed that with the
increase of stocking density, the final mean length
and weight showed a downward trend. It was found
that fry stocked in T1 (5 fish) exhibited the highest
mean final length and weight (106.33 and 40.27)
while fry stocked in T5 (25 fish) recorded the lowest
(87.83 and 17.26). In terms of the specific growth rate,
the significantly (p<0.05) highest SGR values (1.74)
was recorded in T1 while the lowest (0.46) was
recorded in T5. There was a significant difference
(p<0.05) at different stocking density for weight gain
and length gain. The length gain of red tilapia in T1
(24.38±2.46) was significantly highest and in T5
(5.88±2.01).

Figure 2 Comparison of survival rate (%) between control
and zeolite treatments

In this study, there was no significance (p>0.05)
different in survival rate between treatments. The
difference between the fish in control and zeolite
was not considered as significance in terms of growth
performance (p>0.05) when tested with MANOVA.
This indicated that usage of zeolite did not influence
the growth performance of red tilapia. The results
revealed that red tilapia stocked in the T1 of the
lowest stocking density (5 fish) had the highest
growth performance than the fish in other treatments.
Compared to other treatments, T1 recorded the
highest final length and weight, weight and length
gain, SGR among the treatments. As conclusion, T1
with the lowest fish density is the most suitable
stocking density for the red tilapia.
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